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(54) Discharge lamp for photodynamic therapy and photodynamic diagnosis 



(57) The present invention provides a discharge 
lamp capable of effectively radiating a light suitable for 
a photosensitizer used in PDT and PDD, and relates to 
a discharge lamp which radiates a light suitable for the 
wavelength region of absorption of a photosensitizer 
having a relatively large absorption coefficient in the 
range of wavelength of 600n-800nm, and more specifi- 
cally, the discharge lamp Is filled with 0.1 ^ mol/cm^ or 
more of any of the elements selected from the group of 
lithium (Li), sodium (Na). rubidium (Rb) and potassium 
(K) as an emitting element, and in addition, at least one 
or more rare gases selected from the group of neon 
(Ne), argon (Ar), krypton (Kr) and xenon (Xe) is also 
filled, and by filling such an emitting element, a light hav- 
ing the wavelength region of the main absorption within 
the range of the wavelength of 600nm-B00nm can be 
radiated. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a light source 
and a light source apparatus, which are utilized in pho- 
todynannic therapy and photodynamic diagnosis of a 
cancer, tumor or the like. 

2. Description of the Related Art 

[0002] As methods of diagnosis and therapy of a can- 
cer, tumor or the like, photodynamic therapy (hereinafter 
referred to as PDT) and photodynamic diagnosis (here- 
inafter referred to as PDD) are used. 
[0003] In the case of PDT, by either administering a 
certain kind of medicineto a llvingbody, which functions 
as a photos ensitizer, or applying a photosensltizer top- 
ically to an affected part of a cancer, tumor or the like, 
either the medicine itself, or a substance generated by 
internal metabolisms in the body is selectively accumu- 
lated In the affected part. 

[0004] When a light of a specific wavelength Is irradi- 
ated onto the accumulated part thereof, a photochemi- 
cal reaction is occurred, and thereby either an active ox- 
ygen Is generated, or a special radical is generated in 
the irradiated part thereof. The active oxygen thereof 
causes necrosis of the cells of the tissue In the body by 
oxidation thereof and the like, and as a result, a cancer, 
tumor or the like is remedied. 

[0005] Further, as an active type, which is generated 
as a result of absorption of light by a photosensltizer, 
and particularly, asinglet oxygen to be generated Is pref- 
erable, and therefore, the iight energy to be Irradiated 
must correspond to the wavelength of 800nm or less. 
[0006] Further, as the iight to be irradiated for gener- 
ating the active oxygen and so forth, since a light of a 
wavelength region capable of pemneating deeply inside 
the tissue of the body is required, the wavelength of ap- 
proximately 600nm or more is considered to be neces- 
sary. 

[0007] Such a method of treatment can also be ap- 
plied to a viral ven-uca, an infectious water verruca or 
the like, in addition to a cancer or tumor. 
[0008] Further, in the case of PDD, a medicine used 
as a photosensltizer, is one that absorbs mainly a light 
in the vicinity of 400nm, and thereby emits a red fluo- 
rescence. And then, by observing the fluorescence 
thereof, the affected part of a cancer or tumor in which 
the photosensltizer has selectively accumulated is diag- 
nosed. 

[0009] For example, Protoporphyrin IX, which Is one 
of photosensitizes, reacts to a light in the region of the 
wavelength of 405nm, and thereby radiates the light of 
635nm as fluorescence. 

[0010] As a conventional PDT, PDD apparatus, for ex- 



ample, there Is the one disclosed in USP4,556,057 (Jap- 
anese Patent Laid-open No. S59-40830). In the tech- 
nology disclosed therein, a hematoporphyrin derivative 
is used as the photosensltizer, and a dye laser is used 
5 as a light source. 

[0011] Furthermore, as a light source In the conven- 
tional PDT, a semiconductor laser, xenon lamp or the 
like is used. 

[0012] Further, as a iight source in the conventional 
10 PDD, a mercury lamp, xenon lamp or the like is mainly 
used. 

[0013] IHowever, because the diameter of the beam 
of laser light of the high-output laser, the dye laser or 
the like, which is mainly used as the iight source for ther- 
IS apy (for PDT) , is extremely small, there arises a problem 
that a long time irradiation is required when an irradia- 
tion to a large area is perfomied, which causes a great 
burden to a patient 

[001 4] Further, there is also a problem that the appa- 
20 ratus is extremely large and lacks portability, which re- 
quires the patient to move to the place where the appa- 
ratus is installed. 

[0015] Furthermore, there are also various other 
problems that the cost of the apparatus Is high, that han- 
25 dling thereof Is difficult, and that a specially-trained op- 
erator Is needed to operate the apparatus. 
[0016] Meanwhile, semiconductor lasers, light-emit- 
ting diodes orthe like which are also being used as light 
sources, do not produce suffkilent output. Thus, there 
30 arises a problem that a photosensltizer does not func- 
tion adequately, and when an irradiation to a large area 
is performed, a long time irradiation is required. 
[001 7] Further, there are cases in whfch a xenon lamp 
or halogen lamp Is used. 
35 [0018] However, the emission spectrum of a xenon 
lamp or halogen lamp covers a wide range of wave- 
lengths continuously. On the other hand, the wavelength 
region of absorption of a photosensltizer is relatively 
narrow. Thus, a xenon lamp or halogen lamp Is not prac- 
40 tical, due to the fact that medical treatment efficacy Is 
low and energy efficiency is poor, relative to the high 
consumption of electric power. 
[0019] Furthemriore, a xenon lamp and a halogen 
lamp contain large amounts of lights of wavelength re- 
45 glons (600nm or less, and SOOnm or more), which only 
• reach the extreme surface of the tissue of the body or 
does not work for the purpose. Therefore, there arises 
a problem that, even if this kind of lights are cut off by a 
filter orthe like, a part of the unnecessary radiating lights 
50 is irradiated directly on an affected part, and which 
thereby causes a patient to feel a sensation of heat. 

SUMMARY OF THE INVENTION 

55 [0020] An object of the present invention is to provide 
a discharge lamp, which mainly radiates a tight suitable 
to a photosensltizer to be used In PDT and PDD, and, 
in addition, which does not radiate a tight other than the 
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light. 

[0021] A discharge lamp of the present invention ra- 
diates a light suitable for the wavelength range of ab- 
sorption of a photosensitizer having a relatively large ab- 
sorption coefficient within the region of the wavelength 5 
range of 600nm-800nm. 

[0022] More specifically, as an emitting element, a 
discharge lamp of the present invention is filled with 0.1 
\L mol/cm^ or more of any element selected from the 
group of lithium (Li), sodium (Na), rubidium (Rb), and 
potassium (K). Furthemiore, the discharge lamp is also 
filled with a gas of at least one selected from the group 
of rare gases of neon (Ne), argon (Ar), krypton (Kr), and 
xenon (Xe). 

[0023] By filling the discharge lamp with the emitting 
elements, it is possible for the discharge lamp to prefer- 
ably radiate a tight having a wavelength region of the 
main absorption within the range of the wavelength of 
600nm-800nm. 

[0024] Here, a wavelength region of the main absorp- 
tion refers to a wavelength region, which is radiated f ram 
a discharge tamp and has enough intensity to be used 
practically. And, the wavelength region of the main ab- 
sorption is fonned within at least one part in the region 
of the wavelength of 600nm-800nm. 
[0025] Furthermore, the present invention, specifical- 
ly, is characterized in that a discharge lamp is filled with 
lithium (Li) as the emitting element for radiating the lights 
of 600nm-640nm and 660nm-720nm as the wavelength 
region of the main absorption. 

[0026] Further, the present invention is characterized 
in that a discharge lamp is filled with sodium (Na) as the 
emitting element for radiating a light of 600nm-640nm 
as the wavelength region of the main absorption. 
[0027] Further, the present invention is characterized 
in that a discharge lamp is filled with rubidium (Rb) as 
the emitting element for radiating a light of 760nm- 
SOOnm as the wavelength region of the main absorption. 
[0028] Further, the present invention is characterized 
in that a discharge lamp is filled with potassium (K) as 
the emitting element for radiating a light of 760nm- 
800nm as the wavelength region of the main absorption. 
[0029] Further, the present invention is characterized 
in that a discharge lamp is filled with at least two or more 
selected from the group of lithium (Li), sodium (Na), ru- 
bidium (Rb). and potassium (K) as emitting elements. 
[0030] Further, the present invention is characterized 
in that, in addition to the above-mentioned emitting ele- 
ments, a discharge lamp is filled with mercury. This is to 
adjust the voltage of a discharge lamp and increase the 
radiation within the range of the wavelength of 600nm- 
800nm resulting from the above-mentioned emitting el- 
ement. 

[0031] Furthermore, a discharge lamp of the present 
invention, which is used in photodynamic therapy or 
photodynamic diagnosis, preferably radiates both lights 
within the range of the wavelength (600nm-800nm) suit- 
able to a photosensitizer, and the range of the wave- 



length (400nm-440nm) suitable for generating fluores- 
cence. 

[0032] In this place, in addition to filling a discharge 
lamp with 0.1 \i mol/cm^ or more of lithium (Li), sodium 
(Na), rubidium (Rb), or potassium (K) as a emitting ele- 
ment, the present invention is characterized in that the 
discharge lamp is filled with 0.1 \i mol/cm^ or more of 
mercury. 

[0033] By so doing, the discharge lamp can radiates 
a light of the wavelength region of the main absorption 
within the range of the above-mentioned wavelength. 
[0034] Specifically, by filling a discharge lamp with 
lithium (Li) as an emitting element, it is possible for the 
discharge lamp to radiate the lights of 600nm-640nm 
and 660 nm-720nm as the wavelength region of the main 
absorption, and in addition thereto, by filling the dis- 
charge lamp with mercury, it is possible for the discharge 
lamp to radiate the lights of 400nm-410nm and 430nm- 
440nm as the wavelength region of the main absorption. 
[0035] Further, by filling a discharge lamp with sodium 
(Na) as an emitting element, it is possible for the dis- 
charge lamp to radiate the light of 600nm-700nm as the 
wavelength region of the main absorption, and in addi- 
tion thereto, by filling the discharge lamp with mercury, 
It is possible for the discharge lamp to radiate the lights 
of 400nm-41 Onm and 430nm-440nm as the wavelength 
region of the main absorption. 

[0036] Further, by filling a discharge lamp with rubid- 
ium (Rb) as an emitting element, it is possible for the 
discharge lamp to radiate the light of 755nm-800nm as 
the wavelength region of the main absorption, and in ad- 
dition thereto, by filling the discharge lamp with mercury, 
it is possible for the discharge lamp to radiate the lights 
of 400nm-41 Onm and 430nm-440nm as the wavelength 
region of the main absorption. 
[0037] Further, by filling a discharge lamp with potas- 
sium (K) as an emitting element, it is possible for the 
discharge lamp to radiate the light of 700nm-800nm as 
the wavelength region of the main absorption, and in ad- 
dition thereto, by filling the discharge lamp with mercury, 
it is possible for the discharge lamp to radiate the lights 
of 400nm-41 Onm and 430nm-440nm as the wavelength 
region of the main absorption. 

[0038] Further, the present invention is characterized 
in that a discharge lamp is filled with at least two or more 
of lithium (Li), sodium (Na), rubidium (Rb) or potassium 
(K) as emitting elements for radiating a light of the range 
of the wavelength of 600nm-800nm as the wavelength 
region of the main absorption. 
[0039] Furthemiore, the present invention is charac- 
terized In that, in addition to the alkali metals of lithium 
(Li), sodium (Na), rubidium (Rb) and potassium (K), 
mercury, and rare gases, halogen is filled into a dis- 
charge lamp used in photodynamictherapy and/or pho- 
todynamic diagnosis. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 

Fig. 1 is a sketch of an Irradiation apparatus 
equipped with a lamp for PDT 
Fig. 2 is a schematic diagram showing the constitu- 
tion of a discharge lamp of the present invention. 
Fig. 3 is a diagram showing an emission spectrum 
of a discharge lamp into which LI is filled of the 
present invention. 

Fig. 4 Is a diagram showing an emission spectmm 
of a discharge lamp into which Na is filled of the 
present invention. 

Fig. 5 Is a diagram showing an emission spectmm 
of a discharge lamp into which Rb is filled of the 
present invention. 

Fig. 6 is a diagram showing an emission spectrum 
of a discharge lamp into which K is filled of the 
present invention. 

Fig. 7 is a diagram showing a radiant spectrum of a 
light radiated from an irradiation apparatus of the 
present invention. 

Fig. 8 is a diagram showing a radiant spectmm of a 
light radiated from an irradiation apparatus of the 
present invention. 

Reference numerals in the Figures 

[0041] 

1 Lighting housing 

2 Lamp 

3 Min-or 

4 Power source 

5 Cooling fan 

6 Filter for cutting wavelength 

7 Light fiber 

8 Lens head 

1 1 Emitting tube 

12 Electrodes 

13 Molybdenum foil 

14 Outer lead rod 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] Fig. 1 shows an irradiation apparatus, in which 
a discharge lamp of this invention is used. 
[0043] Inside a lamp housing 1, a discharge lamp 2, 
a mirror 3, which surrounds the discharge lamp, and a 
power source 4 for lighting the discharge lamp are ar- 
ranged. A fan 5 is provided on the wall of the lamp hous- 
ing 1 , and the discharge lamp 2 and mirror 3 are cooled 
by the fan. 

[0044] Light radiated from the lamp 2 can be incident 

on an optical fiber 7 via a filter 6. After being incident on 
the optical fiber 7, the light is irradiated on an affected 



part from a lens head 8 mounted on the other end of the 
fiber 7. 

[0045] Here, the discharge lamp 2 is a short arc-type 
discharge lamp having the wavelength region of the 

5 main absorption (main radiation spectrum) within the 
range of the wavelength of 600nm-800nm. 
[0046] The filter 6 has a function for cutting out unnec- 
essary light, and, as a filter for PDT, the filter which cuts 
out light of the wavelength greater than 800nm and light 

10 of the wavelength less than SOOnm Is used, and as a 
filter for PDD, the filter which transmits only light In the 
vicinity of 405nm, and cuts out lights of the shorter side 
and the longer side of wavelength thereof is used. 
[0047] This filter 6 Is selected according to an appli- 

is cation thereof and a type of a photosensitizer. Light 
transmitted through a filter is applied to a photosensitiz- 
er, for example, 5-aminolevulinic acid or Photoprin, 
which will be refen^ed hereinafter. 
[0048] Furthennore, in this embodiment, a transmls- 

20 sion-type filter is used, but in the present invention, the 
filter as a means for selecting a wavelength is not limited 
thereto. For example, a filter coated with an interference 
film can be used as a reflecting minror, and other optical 
components can be used. 

25 [0049] Furthennore, a discharge lamp is not limited to 
a short-arc type. For example, a long-arc-type discharge 
lamp, or an electrodeless-type discharge lamp can also 
be employed. 

[0050] For example, in the case of perfonnlng a med- 
30 leal treatment by using an optical fiber, a short-arc-type 
discharge lamp capable of highly condensing light is 
preferably used, and in the case of treating an external 
affected part on theskin, a long-arc-type discharge lamp 
capable of irradiating a large area thereof is preferably 
35 used. 

[0051] Further, a lighting system of the lamp in the 
present Invention Is not limited to either direct-current 
lighting oraltemating-current lighting. 
[0052] Then, as typical photosensitizer, there exist 
40 hematoporphyrin derivatives, phthalocyanine systems, 
and 5-aminolevulinic acid (hereinafter referred to as 
5-ALA) systems. 

[0053] There are cases that some of these photosen- 
sitizers produce various side affects, and thereby cause 

45 a great burden to a patient being administered with the 
agent. For example, since a hematoporphyrin derivative 
administered is naturally discharged from the body dur- 
ing several weeks after being administered, the patient 
administered with the agent must stay in a darkened 

50 room for around several weeks following the adminis- 
tration thereof, in order to shield an affected part, in 
which the photosensitizer has accumulated, from the 
light. 

[0054] As results of recent researches, photosensitiz- 
55 ers having few side effects have been developed, and 
as a photosensitizer that is naturally dischargedfrom the 
body during a short period of time after being adminis- 
tered, there exist 5-ALA and the like. Further, as photo- 
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sensitizers, photosensitizers having no toxicity or side 
effects on a human body, or having nnild toxicity is re- 
quired. Furthermore, it is preferable to use a photosen- 
sitizer which selectively accumulates in the cells of a 
cancer or tumor, and which, when a light Is Irradiated on 
a photosensltizer accumulated in the ceKs of a cancer 
or the like, generates active types photochemically with 
high quantum efficiency. 

[0055] These photosensitizers have a peculiar photo- 
sensitive wavelength, and possess a relatively large ab- 
sorption coefficient in a specific wavelength region. 
[0056] For a medical treatment, a light within the 
range of the wavelength of 600nm-800nm Is used for 
the sake of being able to centrally permeate Into the 
above-mentioned tissue, and for a diagnosis, a light of 
the range of the wavelength of 400nm-440nm is used 
for the sake of causing a photosensltizer to fluoresce. 
[0057] And as photosensitizers that possess a rela- 
tively large absorption coefficient in the range of wave- 
length of 600nm-800nm, for example, there exist He- 
matoporphyrin derivatives (Photophrin, etc.), 5-ALA 
(5-amlnolevulinic acid), and the 5-ALA derivatives Pp IX 
(Protoporphyrin IX), Pheophorblde a, ALPcS4 (Alumi- 
num phthalocyanine tetrasulphate), SnET2 (Tin 
etiopurpurin) , ZnOPPc (Zinc(ll)-octadecyl-phthalocya- 
nine), Purprinimlde, Azachlorin, ZnET2 (Zinc etiopurpu- 
rin), Pc (Phthalocyanine), CcfTX (Cd2+ texaphyrin), tex- 
aphyrin, ZnTNP (Zn-Tetraphptaloporphyrin), Verdin, 
BPD-IVIA (Benzoporphyrin derivative monoacid ring A), 
Purprin, ZnTSPc, Ga-Pc (Ga-Phthalocyanine), In-Pc 
(In-Phthalocyanlne). BPD (Benzoporphyrin deriva- 
tives), CASPc, ZnPc (Zinc Phthalocyanine derivatives), 
AISPc (Aluminum sulphonated Phthalocyanine), Benz- 
oporphy derivatives, Npe6 (N-aspartyl chlorin e6), 
Methylene blue, Verteporfin, Rhodamines, Temoporfin, 
Porphycenes, Hypercin and so forth. 
[0058] These photosensitizers are well suitable to the 
range of the wavelength of 600nm-800nm, and it has 
been discovered that alkali metals such as lithium, so- 
dium, rubidium, potassium and the like are suitable as 
elements having a strong emission spectrum, I.e. the 
wavelength region of the main absorption, within the 
range of the wavelength thereof. 
[0059] In this place, as for the wavelength region of 
the main absorption resulting from the elements thereof. 
It Is not necessary for an element to emit a light across 
the entire range of the wavelength (600nm-800nm), 
suitable to the above-mentioned photosensitizers, but 
rather, it is sufficient for an element to emit a light with 
enough Intensity to be used practically in at least a part 
within the range thereof. 

[0060] And, according to the present invention, it has 
been discovered that, in a discharge lamp to be used in 
photodynamic therapy and a discharge lamp to be used 
in photodynamic diagnosis, it is effective to fill the dis- 
charge lamp with 0.1 \i hiol/cm^ or more of lithium, so- 
dium, rubidium, potassium, or a mixture thereof as an 
emitting element for providing a lamp having a wave- 



length region of the main absorption in the range of the 

wavelength suitable to a photosensltizer. 

[0061] Fig. 2 shows a discharge lamp of the present 

Invention. 

5 [0062] The discharge lamp has, for example, a sim- 
plified spherical-shaped quartz glass arc tube 11 with 
an inner diameter of 8mm and an outer diameter of 
1 0.5mm, and has a pair of electrodes 1 2 Inside the arc 
tube 1 1 thereof. It is preferable that the distance be- 

10 tween electrodes in the electrodes 12 is 1 0mm or less. 
The electrodes 12 are welded to molybdenum foil 13, 
and are sealed at both ends of the arc tube 1 1 . Electric 
cuaent is applied from outside via outside lead rods 14 
which is welded to the molybdenum foils 13 thereof. 

15 [0063] An alkali metal such as lithium, sodium, rubid- 
ium, potassium or the like is filled inside the arc tube 11 
as an emitting element. Further, a rare gas is also filled, 
and, in addition, mercury is filled as the need arises. 
[0064] Then, a discharge lamp to be used in photody- 

20 namic therapy (PDT) is characterized in that the dis- 
charge lamp is filled with lithium, sodium, rubidium, po- 
tassium or a mixture thereof as an emitting element. 
[0065] By fitting a discharge lamp with such an emit- 
ting element, it is possible to radiate a light having a 

25 strong emission spectrum (wavelength region of the 
main emission) in the range of the wavelength of 
600nm-800nm, which are the wavelength range of ab- 
sorption of photosensitizers. 

[0066] Furthennore, it is possible to fill a discharge 
30 lamp with at least two or more of the lithium, sodium, 
rubidium, or potassium thereof. By filling two or more 
kinds of alkali metals like this, it is possible to spread 
emission in the range of the wavelength of 600nm- 
800nm in comparison with emission generated by filling 
35 only one kind of the alkali metals, and thereby it is pos- 
sible to increase the kinds of photosensitizers to be 
used. 

[0067] Then, a case in which lithium is filled as the 
emitting element will be explained. 

40 [0068] Lithium has intense lines in the emission spec- 
trums between 600nm-640nm and 660nm-720nm. This 
is the result of the spectral lines In which the atomk: 
spectral line in the wavelength of 610nm, generated as 
an emission of the lithium, and the atomic resonance 

45 spectral line In the wavelength of 670nm are spread by 
pressure. In partteular, the range of the wavelength of 
the latter (660nm-720nm) is the result of the marked 
spread of the spectral line in which the atomic reso- 
nance spectral line is spread due to the high pressure 

50 of a rare gas generated by lighting, and by spreading 
the spectral width thereof, the selection range of the 
photosensitizers to be applied are also spread. 
[0069] Here, the above-mentioned radiation wave- 
lengths generated by using lithium as the emitting ele- 

55 ment, that is, 600nm-640nm and 660nm-720nm, are 
equivalent to what Is referred to in the present invention 
as the "wavelength region of the main radiation." 
[0070] Such a phenomenon can also be seen with al- 
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kali metals other than lithium, that is, sodium, rubidium 
and potassium. The wavelength region of the main ra- 
diation in the case of sodium Is 600nm-640nm, the 
wavelength region of the main radiation in the case of 
rubidium Is 755nm-800nm, and the wavelength region 
of the main radiation in the case of potassium is 760nm- 
BOOnm. 

[0071] Further, the intensity of radiation of the line In 
the emission spectrum of an alkali metal (emitting ele- 
ment) thereof is detemriined by the quantity of alkali met- 
al filled inside a lamp. If the quantity of an alkali metal 
filled is low, the intensity of radiation of the line in the 
emission spectrum decreases, and the intensity of radi- 
ation increases In line with increasing the quantity of an 
alkali metal filled. However, if an alkali metal as an emit- 
ting element is filled in excess of the threshold value, by 
contrast, the intensity of radiation of the line in the emis- 
sion spectrum thereof Incurs a large decrease by self- 
absorption. Furthennore, the emitting element does not 
vaporize inside the lamp, and, as a result, causes the 
adherence thereof to the walls of the tube, and thereby 
the intensity of radiation from the lamp is decreased. 
[0072] In the present invention, the threshold value of 
an emitting element to be used is 1 00 |j. mol/cm^, and if 
the value of the emitting element to be used exceeds 
the above value, the above-mentioned phenomenon oc- 
curs. Further, if the quantity of an emitting element to be 
filled is less than 0.1 \i mol/cm^, it is not possible to 
achieve enough radiation quantities to be absorbed 
preferably by a photosensitizer. 
[0073] In other words, the quantity of lithium, sodium, 
rubidium or potassium to be filled as an emitting element 
must be between 0.1-100 mol/cm^. 
[0074] Fgrther, when two or more kinds of elements 
are filled, 0.1 p. moi/cm^ or more of each emitting ele- 
ment must be filled. However, the upper limit of 100 ^ 
mol/cm^ is considered In accordance with the total value 
of the elements filled. 

[0075] Furthennore, a discharge lamp of the present 
invention is filled with a rare gas as a starting gas. 
[0076] The rare gas thereof is argon, neon, krypton or 
xenon, and the quantity thereof to be filled is preferably 
from 0.03 x 10^ Pa to 0.7 x 10^ Pa. 
[0077] It the quantity of a rare gas filled is less than 
0.03 X 10^ Pa, it takes time for the transition from the 
glow discharge at lighting of a lamp to arc discharge, 
and as a result thereof, the electrodes is damaged ter- 
ribly. Further, if the quantity of a rare gas filled reaches 
more than 0.7 x 10^ Pa, the starting abilities of a lamp 
becomes impractical. 

[0078] Furthennore, in a discharge lamp of the 
present invention, a rare gas has not only functions to 
start lighting of the lamp like this, but also has the func- 
tion to increase a line in the emission spectrum of an 
alkali metal via the pressure of a rare gas filled while a 
lamp is lit. 

[0079] Next, a case in which a discharge lamp is filled 
with mercury in addition to the emitting element of lithi- 



um or the like will be explained. 
[0080] In the present invention, an alkali metal such 
as lithium, sodium, rubidium or potassium is used as an 
emitting element as described above, it has been dis- 
3 covered that, by filling a discharge lamp with mercury in 
addition thereto, it is possible to provide a more useful 
PDT discharge lamp. 

[0081] This Is the result of that, due to the high pres- 
sure of the mercury at lighting of the lamp, it is possible 
10 to increase the line in the emission spectrum of an alkali 
metal. In other words, it is possible to increase the line 
in the emission spectrum of an alkali metal via the pres- 
sure of a rare gas without mercury, but by adding mer- 
cury, it is possible to Increase the line in the emission 
15 spectrum even more. Specifically, it is possible to in- 
crease the radiation wavelength to the vicinity of BOOnm 
by filling a discharge lamp with mercury, and thereby the 
absorption by a photosensitizer can be increased In ac- 
cordance therewith. 

[0082] This phenomenon occurs when any of lithium, 
sodium, rubidium or potassium is used as an emitting 
element. 

[0083] However, by adding mercury to a discharge 
lamp together with the alkali metals thereof, the emis- 
sions at wavelengths of 400-41 Onm and 430-440nm are 
achieved In accordance with the mercury. The wave- 
lengths thereof are capable of causing a photosensitizer 
to fluoresce, and In accordance therewith, make it pos- 
sible to be used in a diagnosis, which enables the loca- 
tion of a cancer or tumor to be confirmed, that is, to be 
used in a FDD. 

[0084] Further, by adding mercury, it is possible to ad- 
just the operating voltage of a lamp. Furthennore, by 
adding mercury, it is possible to prevent the electrodes 
from being flowed by a high current which shortens lamp 
life. At the same time, the decrease of the current thereof 
enables the stabilizer to be made smaller, and In turn, 
can contribute toward making the apparatus smaller in 
size. 

[0085] Fig. 3 is a diagram showing the spectral radiant 
intensity of a discharge lamp filled with lithium and mer- 
cury, as compared to the spectral radiant intensity of a 
xenon lamp. 

[0086] The horizontal axis shows the wavelength of 
light radiated from the lamp, and shows a range of 
350nm-800nm. Further, the vertical axis shows the high- 
est spectral intensity in the wavelength range of the lith- 
ium-mercury lamp in terms of a relative intensity of up 
to 1 00%. Furthemnore, with regard to the output of a xe- 
non lamp, a relative radiant intensity, having the spectral 
radiant intensity of the lithium-mercury lamp as a refer- 
ence, is shown. 

[0087] Both the lithium-mercury lamp and the xenon 
lamp used for comparison were operated at an input 
power of 160W. 

[0088] Furthennore, It Is clear that the radiation of the 
lithium-mercury discharge lamp are in the range of the 
wavelengths of 600nm-640nm and 660nm-800nm, and 



25 



30 



35 



40 



45 



50 



6 



11 



EP1 156 512 A1 



12 



compared to a discharge lamp filled only with lithium 
without being filled with mercury, the greatest radiation 
is achieved in the range of the wavelength of 720nm' 
800nm. 

[0089] Thus, the xenon lamp emits a tight of the con- 
tinuous range of the wavelength of 350nm-800nm. On 
the other hand, a lithium-mercury lamp of the present 
Invention has a plurality of lines in the emission spec- 
trum And, even though the same electric power Is in- 
putted, the lithium-mercury lamp of the present inven- 
tion has lines in the emission spectrum in a range of the 
wavelength region of absorption of photosensitizer, and, 
in addition, the spectral radiant intensity thereof are ex- 
tremely high. It is clear from the characteristics of such 
radiant intensity thereof that a lithium-mercury lamp of 
the present invention is a more suitable light source for 
PDTthan a conventional xenon lamp. The radiant inten- 
sity of a lithium-mercury lamp at a wavelength of 61 Onm, 
for example, is roughly 10-tlmes as compared with that 
of a xenon lamp. 

[0090] When the lithium-mercury lamp thereof is pref- 
erably used as a light source for POT, because the atom- 
ic line of the wavelength of 61 Onm due to an emission 
of lithium, and the resonance line of the wavelength of 
670 nm are spread by pressure to generate wide spec- 
tral lines. Further, when said lamp is used as a light 
source for FDD, the light required to obtain fluorescence 
of a photosensitizer can be generated by the atomic line 
of the wavelength of 404nm in accordance with the mer- 
cury. The radiant intensity of the line in the emission 
spectrum of the wavelength of 404nm thereof is approx- 
imately four times as compared with that of a xenon 
lamp inputted with the same power. 
[0091] Further, the emitting intensity of the wave- 
length of 404nm, which is used for FDD, can also be 
heightened by increasing the quantity of mercury filled. 
[0092] Thus, a mercury-filled discharge lamp can be 
used not only for PDT, but for FDD as well, and by pro- 
viding means, such as a filter, for switching a wavelength 
to be radiated, can be used for both PDT and FDD. 
[0093] When said lamp is used for both FDT and 
FDD, the quantity of mercury to be filled is the above- 
mentioned 0.1 |i mol/cm^ or greater, and preferably, 1 ij, 
mol/cm^ or more, and thereby the applicable range of 
the wavelength is spread even further. 
[0094] Fig. 4 shows the spectral intensity of a dis- 
charge lamp filled with sodium and mercury. The electric 
power inputted to the sodium-mercury lamp is 150 W, the 
same as that of the above-mentioned embodiment, and 
the spectral intensity of a xenon lamp inputted with the 
same power is also shown for a comparison. The verti- 
cal axis and horizontal axis are the same as those in the 
case of the above-mentioned embodiment. 
[0095] As is clear from the diagram, a sodium-mercu- 
ry lamp has higher radiant intensity at wavelength of 
600nm-700nm as compared with that of a xenon lamp. 
Light of this wavelength range, as mentioned above, Is 
useful as a light source for FDT. Furthermore, it is also 



clear that output thereof is higher than that of a xenon 
lamp in the range of 750nm-800nm. 
[0098] Output thereof in the range of the wavelengths 
of 750nm-800nm is changed according to the quantities 
5 of mercury and sodium filled. Further, a sodium-mercury 
lamp also has higher line in the emission spectrum as 
compared with that of a xenon lamp in the range of the 
wavelength of 400nm-440nm, and is used preferably in 
the range of wavelength thereof as a light source for 
10 FDD as well. 

[0097] Fig. 5 shows the spectral radiant intensity of a 
discharge lamp filled with rubidium and mercury. The 
vertical axis and horizontal axis are the same as those 
In the case of the above-mentioned embodiment, and 
the electric power inputted to the discharge lamp is 
1 BOW, the same as that of the above-mentioned embod- 
iment. The radiant intensity of a xenon lamp inputted 
with the same power is also shown for a comparison. 
[0098] It is clear from the diagram that the rubidium- 
mercury lamp has higher output thereof as compared 
with that of a xenon lamp at wavelength of 750nm- 
800nm, and it is also clear that the rubidium-mercury 
lamp has a higher line in the emission spectrum at wave- 
lengths of 400nm-440nm. The light of the fonner wave- 
length range can be used as a light source useful for 
FDT, and the light of the latter wavelength range can be 
used as a light source useful for FDD. 
[0099] Furthermore, the output of the former wave- 
length range can be changed in accordance with the 
quantities of mercury and rubidium filled. 
[0100] Fig. 6 shows the spectral radiant intensity of a 
discharge lamp filled with potassium and mercury. The 
vertical axis and horizontal axis are the same as those 
in the case of the above-mentioned embodiment, and 
the electric power inputted to the discharge lamp is 
1 50W, the same as that of the above-mentioned embod- 
iment. The radiant intensity of a xenon lamp Inputted 
with the same power is also shown for a comparison. 
[0101] It is clear from the diagram that the potassium- 
mercury lamp has higher output as compared with that 
of a xenon lamp at wavelength of 750nm-800nm, and it 
is also clear that the potassium-mercury lamp has a 
higher line in the emission spectrum at wavelength of 
400nm-440nm. The light of the former wavelength 
range can be used as a light source useful for FDT, and 
the light of the latter wavelength range can be used as 
a light source useful for FDD. 

[0102] Furthemnore, the output of the former wave- 
length range can be changed In accordance with the 
quantities of mercury and potassium to be filled. In the 
above-mentioned discharge lamps filled with mercury 
and each of lithium, sodium, rubidium, or potassium, the 
quantity of mercury to be filled is 0.1 ^ mdl/cm^-IOOO jx 
mol/cm^. 

[0103] This is because, if the quantity of mercury filled 
is less than 0.1 ^ mol/cm^, emitting light sufficiently for 
being absorbed by a photosensitizer is not obtained. 
[01 04] Further, if the quantity of mercury filled is great- 
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er than 1 000 p. mol/cm^, there exists a danger of either 
causing the mercury not to vaporize, or causing the arc 
tube to bread due to a high filling pressure during light- 
ing. 

[0105] Thus,thequantityof mercurytobefilled Ispref- 
erably selected within the range of 0.1 |i mol/cm^-iooo 
\L mot/cm^ based on the amount of light emitted from a 
lamp and the voltage thereof. 

[0106] Further, in the above-mentioned embodi- 
ments, only one kind of alkali metal is filled into each 
discharge lamp, but two or more kinds of the alkali met- 
als thereof can be filled. 

[01 07] That Is, at least two or more kinds of elements 
selected from the group of lithium (Li), sodium (Na), ru- 
bidium (Rb) and potassium (K) can be filled, and, in ac- 
cordance therewith, the emitting light at wavelengths of 
600nm-800nm can be spread more as compared with a 
case In which one kind of element Is filled. Thus, It Is 
possible to increase the kinds of photosensitlzer to be 
used. 

[0108] Further, in the above-mentioned discharge 
lamp to be fiiled with mercury, at least one or more kinds 
of rare gases selected from the group of neon (Ne), ar- 
gon (Ar), krypton (Kr) and xenon (Xe) can be filled as a 
starting gas. In accordance therewith, the starting ability 
of a lamp is enhanced, and, in addition, the line in the 
emission spectrum of an alkali metal can be spread by 
the rare gases thereof. 

[0109] Then, the materia) of an arc tube utilized In a 
discharge lamp will be explained. 
[0110] As an arc tube material, in general, quartz 
glass is often used. However, in the case of a discharge 
lamp to be filled with an alkali metal like a discharge 
lamp of the present invention, a quartz glass is corroded 
by the alkaii metals thereof, and, thereby there occurs 
problem, that transmlttance thereof Is degradated or 
cloudiness thereof is caused. 

[0111] Thus, in a discharge lamp of the present Inven- 
tion, a translucent ceramic is preferably used as an arc 
tube material. 

[0112] However, if an alkali metal such as lithium, or 
a mixture thereof is used not as a metal but as a halo- 
genated configuration, quartz glass can also be used as 
the material for an arc tube. 

[01.13] It is preferable to prepare the filling quantity of 
halogen In thls case as same or greater than the filling 
molecular quantity In the case of an alkali metal of lith- 
ium or the like. 

[0114] A halide, more specifically, can be filled in the 
form of an iodide or bromide. Furthemnore, when the oc- 
casion demands, surplus halogen can be filled, for ex- 
ample, surplus halogen can be filled in the form of mer- 
cury iodide. 

[0115] Fig. 7 shows the spectrum of light outputted 
from an irradiation apparatus. Specifically, this figure 
shows the wavelength of radiated light which is radiated 
from a lithium-mercury discharge via a filter, optical fiber 
and a lens head. In this embodiment, since emphasis is 



placed on the range of the wavelength of 600nm- 
700nm, light of 750nm-800nm is cut off by a filter. 
[0116] And, radiant illuminance measured at a loca- 
tion roughly 40mm away from the lens head was approx- 

5 imately 65mW/cm2. 

[0117] Fig. 8 shows the spectral spectrum of light out- 
putted from an in-adiation apparatus, in whrch a sodium- 
mercury discharge lamp is used. In this embodiment, 
light that does not contain the light outside the range of 

10 wavelength of 550nm-750nm which Is cut out by a filter 
is irradiated from a lens head via an optical fiber 
[01 1 8] It is clear from the figure that light of the range 
of wavelength of 550nm-750nm is radiated. 
[0119] Table 1 deptets data of examples of medtoal 

IS treatments by PDD using a lithium-mercury discharge 
lamp. 



Table 1 



Classifications 


Number thereof 


Subjects tested 


9 


Subjects cured 


6 


Subjects improved 


3 



25 [0120] In the experiment, an ointment mixed with 
5- ALA as a photosensitlzer was applied topically to each 
of 9 subjects to be tested having early-stage skin cancer, 
and radiating light from a lithium-mercury lamp was Ir- 
radiated on an affected part thereof. 

^0 [0121] As a result thereof, it was confirmed that 6 of 
the 9 subjects were cured In accordance with irradia- 
tions of around 1 -7 times, and the condition of remaining 
3 subjects were improved preferably. 
[01 22] As explained above, the present invention can 

^5 provide a photodynamic therapy (PDT) discharge lamp, 
and a photodynamic diagnosis (PDD) discharge lamp, 
which effectively emits light toward a photosensitlzer 
having a specific photosensitive wavelength, said light 
is suitable for the photosensitive wavelength thereof. 

40 [0123] Further, a discharge lamp of the present inven- 
tion is capable of achieving higher radiant efficiency as 
compared with that of a xenon lamp at relatively tow 
power consumption, and thereby the size of the entire 
apparatus including the power source can be reduced. 

^5 [0124] Furthennore, the light thereof in-adlated on a 
normal tissue of the body Is safer as compared with that 
of a laser or the like, and is operated simply. 
[0125] Furthemnore, a lamp which is a long arc-type 
discharge lamp can irradiate a large area of skin from 

so the.outside, and thereby the burden on a patient can be 
reduced. 



Claims 

55 

1 . A discharge lamp for photodynamic therapy com- 
prising, 
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a discharge lamp which radiates a light of a 
wavelength suitable to the wavelength range of 
absorption of a photosensitizer having a rela- 
tively large absorption coefficient within the 
range of the wavelengths of 600nm-B00nm, 5 
and 

has a function to emit light having the wave- 
length region of the main absorption within the 
range of the wavelengths of 600nm-800nm, 
said discharge lamp is filled with 0.1 [l mol/cm^ io 
or more of any selected from the group of lithi- 
um (Li), sodium (Na), rubidium (Rb), or potas- 
sium (K) as an emitting element, and 
further filled with at least one or more of rare 
gases selected from the group of neon (Ne), ar- ^5 
gon (Ar), krypton (Kr) and xenon (Xe). 

2. The discharge lamp for photodynamic therapy of 
Claim 1 , wherein lithium (Li) is filled as the emitting 
element for radiating the lights of 600nm-640nm, 20 
and 660nm-720nm of the wavelength region of the 
main absorption. 

3. The discharge lamp for photodynamic therapy of 
Claim 1 , wherein sodium (Na) is filled as the emit- 2S 
ting element for radiating the light of 600nm-640nm 

of the wavelength region of the main absorption. 

4. The discharge lamp for photodynamic therapy of 
Claim 1 , wherein rubidium (Rb) is filled as the emit- 30 
ting element for radiating the tight of 755nm-800nm 

of the wavelength region of the main absorption. 

5. The discharge lamp for photodynamic therapy of 
Claim 1 , wherein potassium (K) is filled as the emit- 35 
ting element for radiating the light of 760nm-800nm 

of the wavelength region of the main absorption. 

6. The discharge lamp for photodynamic therapy of 
Claim 1 , wherein at least two or more elements se- 40 
iected from the group of lithium (Li), sodium (Na). 
rubidium (Rb) and potassium (K) are filled as the 
emitting elements. 

7. The discharge lamp for photodynamic therapy of 45 
Claim 1 , wherein mercury (Hg) Is further filled for 

increasing line in the emission spectrum of said lith- 
ium (Li), sodium (Na), rubidium (Rb). potassium (K). 

8. A discharge lamp for photodynamic therapy or pho- so 
todynamic diagnosis comprising, 

a discharge lamp which radiates a light of a 
wavelength suitable to the wavelength range of 
absorption of a photosensitizer having a rela- 55 
tively large absorption coefficient within the 
range of the wavelength of 600nm-800nm, and 
a light of a wavelength suitable to a photosen- 



sitizer which absorbs light within the range of 
the wavelength of 400nm-440nm, and emits 
fluorescence, and 

has a function to emit light having the wave- 
length region of the main absorption within the 
range of the wavelength of 600nm-800nm and 
also emit light having the wavelength region of 
the main absorption within the range of the 
wavelength of 400nm-440nm, 
said discharge lamp Is filled with 0.1 |i mol/cm^ 
or more of any selected from the group of lithi- 
um (LI), sodium (Na), rubidium (Rb), or potas- 
sium (K), andO.1 ^imol/cm^ or more of mercury 
(Hg) as an emitting element^ and 
further filled with at least one or more rare gas- 
es selected from the group of neon (Ne), argon 
(Ar), krypton (Kr) and xenon (Xe). 

9. The discharge lamp for photodynamic therapy or 
photodynamic diagnosis of Claim 8, wherein lithium 
(Li) Is filled as the emitting element for radiating the 
lights of 600nm-640nm, and 660nm-800nm of the 
wavelength region of the main absorption. 

10. The discharge lamp for photodynarhk; therapy or 
photodynamic diagnosis of Claim 8, wherein sodi- 
um (Na) is filled as the emitting element for radiating 
the light of 600nm-700nm of the wavelength region 
of the main absorption. 

11. The discharge lamp for photodynamk; therapy or 
photodynamic diagnosis of Claim 8, wherein rubid- 
ium (Rb) is filled as the emitting element for radiat- 
ing the light of 755nm-800nm of the wavelength re- 
gion of the main absorption. 

12. The discharge lamp for photodynamk: therapy or 
photodynamic diagnosis of Claim 8, wherein potas- 
sium (K) is filled as the emitting elementfor radiating 
the light of 760nm-800nm of the wavelength region 
of the main absorption. 

13. The discharge lamp for photodynamk; therapy or 
photodynamic diagnosis of Claim 8, wherein at 
least two kinds or more selected from the group of 
lithium (Li), sodium (Na), rubidium (Rb) and potas- 
sium (K) are filled as the emitting elements. 

14. The discharge lamp for photodynamic therapy of 
Claim 1 , wherein halogen is also filled into said dis- 
charge lamp. 

15. The discharge lamp for photodynamic therapy or 
photodynamic diagnosis of Claim 8, wherein halo- 
gen is also filled into said discharge lamp. 
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